i m a f U N G U S Crous et al. when he excluded Sclerotium inclusum from the genus. However, Pyrenophora phaeocomes was selected as type species of Pyrenophora by Shoemaker (1961) , which effectively leaves Pyrenophora as a later nomenclatural synonym of Ceuthospora. To resolve this situation, Sutton (1972) proposed the conservation of Ceuthospora Grev. 1826 with C. lauri as type, over Ceuthospora Fr. 1825 with C. phaeocomes as type; this was accepted by the Committee for Fungi and Lichens and the name included in the appendices to the Leningrad Code (Stafleu et al. 1978) . The family name Phacidiaceae was introduced by Fries (1849) and accepted by Karsten (1871) who stressed that members had a particular apothecium type with a reduced exciple. Nannfeldt (1932) recognised 14 genera in the family, but Terrier (1942) felt that the family contained different elements, and probably should only include five genera. Von Arx & Müller (1954) regarded eight genera as belonging to the family. The circumscription remained a bone of contention, as Kreisel (1969) recognised four genera, Korf (1973) nine, Dennis (1978) 13, and Lanier et al. (1978) seven. DiCosmo et al. (1984) listed 24 genera in Phacidiaceae, stating that it was heterogeneous and in need of further study. In a recent phylogenetic study of Leotiomycetes (Wang et al. 2006b ), Helotiales (incl. Phacidiaceae) was left untreated as a large, polyphyletic assemblage, due to inadequate molecular data and sampling. However, they did refer to Phacidiaceae, based on analyses including a LSU sequence of Phacidium lacerum (data not shown), which suggested a sister group relationship with Phacidiopycnis pyri (sexual morph: Potebniamyces pyri), previously questionably placed in Rhytismatales). In the SSU-LSU-5.8S phylogeny (Wang et al. 2006b ), P. pyri formed a strongly supported monophyletic group with Bulgaria inquinans (Bulgariaceae), and P. pyri together with Holwaya mucida (although without support) was moved to Bulgariaceae. Bulgaria has large, brownblack to black, turbinate, gelatinous apothecia with brown-walled ascospores, and is thus quite different from Phacidium and Potebniamyces in morphology. In the LSU & SSU phylogeny generated by Lantz et al. (2011) , however, these three genera clustered together in a wellsupported clade.
Given the recent decision to abolish dual nomenclature for fungi (Hawksworth 2011 , Wingfield et al. 2012 , we wanted to resolve the issue of whether Phacidium and Ceuthospora were really congeneric (Johnston et al. 2014) and fix the application of these names using genetic data, and further to determine the phylogenetic position of Phacidiaceae within Helotiales.
MAterIALs And MetHods

Isolates
Isolates used in this study were obtained from the culture collection of the CBS-KNAW Fungal Biodiversity Centre (CBS). Utrecht, The Netherlands (Table 1) . Colonies were established on Petri dishes containing 2 % malt extract agar (MEA), potato-dextrose agar (PDA), and oatmeal i m a f U N G U S Crous et al. (Crous et al. 2009b) , and incubated at 25 °C under continuous near-ultraviolet light to promote sporulation.
DNA isolation, amplification and analyses
Genomic DNA was extracted from fungal colonies growing on MEA using the UltraCleanTM Microbial DNA Isolation Kit (MoBio Laboratories, Solana Beach, CA) according to the manufacturer's protocol. The primers LSU1Fd (Crous et al. 2009a ) and LR5 (Vilgalys & Hester 1990) were used to amplify the partial 28S rRNA gene (LSU), ITS5 and ITS4 (White et al. 1990 ) were used to amplify the internal transcribed spacer region (ITS), fRPB2-5F (Liu et al. 1999) , and fRPB2-414R (Quaedvlieg et al. 2011) were used to amplify the partial RNA polymerase II second largest subunit locus (RPB2). A basic alignment of the obtained sequence data was first done using MAFFT v. 7 (http://mafft.cbrc.jp/alignment /server/index. html; Katoh et al. 2002) and if necessary, manually improved in BioEdit v. 7.0.5.2 (Hall 1999) . To check the congruency of the individual datasets, a 70 % neighbour-joining (NJ) reciprocal bootstrap was performed (Mason-Gamer & Kellogg 1996 , Lombard et al. 2010 . A Bayesian analysis (critical value for the topological convergence diagnostic set to 0.01) was performed on both the Multi order LSU (Fig. 1 ) and the concatenated ITS, LSU and RPB2 (Fig. 2 ) datasets using MrBayes v. 3.2.1 (Huelsenbeck & Ronquist 2001) as described by Crous et al. (2006) using nucleotide substitution models that were selected using the Akaike Information Criterion implemented in MrModeltest v. 2.3 (Nylander 2004) . Novel sequences derived from this study were lodged at GenBank, and the alignments and phylogenetic trees in TreeBASE (www.treebase.org/treebase/index.html).
Morphology
Observations were made with a Zeiss V20 Discovery stereomicroscope, and with a Zeiss Axio Imager 2 light microscope using differential interference contrast (DIC) illumination and an AxioCam MRc5 camera and Zen software. Colony characters and pigment production were noted after 2 wk of v o l u m e 5 · n o . 2 growth on MEA, PDA and OA incubated at 25 ºC. Colony colours (surface and reverse) were rated according to the colour charts of Rayner (1970) . Morphological descriptions were based on cultures sporulating on PDA, and taxonomic novelties and metadata were deposited in MycoBank (www. MycoBank.org; Crous et al. 2004) . 
Incertae sedis
Helotiaceae
Phylogeny
The ITS, RPB2 and LSU sequence datasets of 43 sequences (including the outgroup) did not show any conflicts in their tree topology for the 70 % reciprocal bootstrap trees, allowing us to combine them in the multigene analyses. For Fig. 1 , the LSU overview dataset of 160 sequences (including the outgroup) contained 830 characters, of which 461 contained unique site patterns. For Fig. 2 , the LSU dataset contained 819 characters, of which 101 contained unique site patterns, the RPB2 dataset contained 355 characters, of which 155 contained unique site patterns, and the ITS dataset contained 537 characters, of which 203 contained unique site patterns.
Phlyctema
Incertae sedis
Phacidiales, Phacidiaceae
Helotiaceae
Dermateaceae
For the combined dataset, all data partitions used the GTR model but the LSU partition was analysed with MrBayes using dirichlet (1,1,1,1) state frequency distribution and inverse gamma-shaped rate variation across sites, the ITS partition was analysed using a fixed (equal) state frequency distribution and gamma-shaped rate variation across sites, and the RPB2 partition was analysed using fixed (equal) state frequency distribution and inverse gamma-shaped rate variation across sites. For the LSU overview tree, MrModeltest suggested the same Bayesian parameters as for the LSU partition in the combined dataset. During the generation of Fig. 1 , 72 262 trees were generated of which 54 198 (75 %) were sampled for the final tree; for Fig. 2 , 2 672 trees were generated of which 2 004 (75 %) were sampled for the final tree.
taxonomy
The genus Phacidium represents inoperculate discomycetes characterised by erumpent, cleistohymenial apothecia with a covering layer splitting into teeth or lobes, an externally black stroma with vertically arranged pseudoparenchymatous cells, asci that are clavate, (4-)8-spored, with amyloid dehiscence rings, and aseptate, ellipsoid, hyaline ascospores lacking sheaths or appendages. Paraphyses extend above the asci, frequently anastomose, are embedded in mucilage, and arise from the subhymenium. The Ceuthospora asexual morphs have phialidic conidiogenesis, and subcylindrical, hyaline conidia with funnel-shaped, mucoid apical appendages. (Fig. 1) . Morphologically Bulgariaceae resembles the Phacidiaceae in its cleistohymenial development (Bellemère 1968) , but is distinguished by having ascomata with a brownish outer exciple, a thick gelatinous medullary exciple, and four of the eight ascospores being dark brown, with a longitudinal germ-slit. Potebniamyces pyri (syn. Phacidiopycnis pyri), which was also placed in Bulgariaceae, clusters in the same clade. The family name Phacidiaceae was published in the same publication as Bulgariaceae, but is chosen here over the latter, as the family name Phacidiaceae is better established in the literature, and has more members. Sporulating on PNA: Conidiomata pycnidial, immersed, becoming erumpent, irregularly multilocular, to 600 µm diam, dark brown, ostiolate; wall of 3-4 layers of dark brown textura angularis. Conidiophores arising from inner layer of conidioma, at times reduced to conidiogenous cells, branched, septate, 5-15 × 2.5-3.5 µm. Conidiogenous cells integrated or discrete, ampulliform to subcylindrical or lageniform, hyaline, smooth with minute periclinal thickening at apex, 5-8 × 2.5-3 µm. Conidia (4-)5-6(-7) × (2-)3 µm, ellipsoid to fusiform, hyaline, smooth, aseptate, guttulate, bearing mucoid apical appendages (Type C sensu Nag Raj 1993, only visible in water), flabelliform to irregular in shape.
Leotiomycetes, Phacidiales, Phacidiaceae
Culture characteristics: Colonies spreading, flat with sparse aerial mycelium and feathery margins. On PDA surface olivaceous grey, reverse iron-grey. On OA surface olivaceous grey with patches of iron-grey.
Notes: Distinct from Apostrasseria and Allantophomopsis in that it lacks percurrent proliferation on its conidiogenous cells, and has inequilaterally fusiform or naviculate conidia.
Gremmenia: snow-blight pathogens of conifers Gremmen (1953) described Phragmonaevia gigaspora as a new pathogen associated with needle blight (snow mould disease) of Pinus cembra in Europe. In his revision of Helotiales occurring on conifers, Korf (1962) established the genus Gremmenia to accommodate this pathogen, as it was clearly distinct from Phacidium s. str., lacking a distinct upper stroma in its apothecia. He also disagreed with Petrak Notes: Gremmenia abietis causes snow-blight of Abies spp. and Pseudotsuga menziesii (Dearness 1926 , Faull 1930 . Bega (1978) reported that the disease could reach epidemic proportions in Idaho and Oregon. No cultures are presently available of this pathogen, and it will have to be recollected to clarify its phylogenetic position.
gremmenia infestans (P. Karst.) Crous, comb. nov. MycoBank MB809677 (Fig. 4) Basionym: Phacidium infestans P. Karst., Hedwigia 25: 232 (1886). DiCosmo et al. (1984) . Notes: Phacidium lacerum was originally described from European collections on needles from Pinus sylvestris, and is widely distributed throughout Europe, where it occurs commonly on this host. The material in UPS referred to as the "original collection" by (DiCosmo et al. 1984) in UPS was stated to be depauperate. In the sanctioning work, Fries (1823) refers to "(Exs. ined.)" and later "S.S." (Fries 1849) implying that he had intended to distribute material in his exsiccate Scleromycetes Suecici. This was not, however, done and the name is listed as "material unknown" by Holm & Nannfeldt (1962: 38) . The UPS specimen is unlocalised and has no date, and appears to have been collected after Fries came to Uppsala in 1835 according to Stefan Ekman (pers. comm.) (Fig. 8) . That specimen is not, therefore, the "original collection" Fries had before him in 1818 or 1823 and so a neotype is designated for Fries' name here. Additional synonyms are listed in Nag Raj (1993) . Sutton (1972, asexual morph) , DiCosmo et al. (1984; sexual and asexual morph) and Nag Raj (1993; asexual morph only) . Notes: Conidia of the present strains (12-)13-15(-16) × 3(-3.5) µm fall into the variation of C. lauri (7-17 × 2-3 µm, Nag Raj 1993), which has several synonyms, including C. phacidioides (Nag Raj 1993). Furthermore, DiCosmo et al. (1984) link C. phacidioides (conidia 10-17 × 2.5-3 µm) to Phacidium multivalve as sexual morph. Ceuthospora lauri, which is the type species of the genus Ceuthospora (on Prunus laurocerasus, Europe), and C. phacidioides (Ilex aquifolium, Europe), have been commonly confused in the past, but appear to be synonymous based on the cultures we investigated in this study. Di Cosmo et al. (1984) designated a lectotype for Xyloma multivalve in G but did not provide more details. However, we have been unable to locate the original material of all these synonyms (also see Sutton 1980 , Nag Raj 1993 , and suspect that they have been lost. The names Ceuthospora lauri and Phacidium multivalve were both sanctioned by Fries, and as the earliest species epithet which is legitimate under the ICN is Sphaeria lauri, that name has priority. Ceuthospora lauri also appears more commonly used in literature than Phacidium multivalve. Note that the name Ceuthospora phacidioides is illegitimate as Xyloma multivalve was listed as a synonym when it was introduced; it is therefore a superfluous name. The choice of the epithet "lauri" by Sowerby is explained by Grove (1935: 291-292) : "Owing to the custom, in Britain, of speaking of Prunus Laurocerasus as 'the Laurel', great confusion has arisen. It has frequently been erroneously regarded as the true Bay Laurel (Laurus nobilis), and its leaves are still sometimes used by our cooks as such." He also confirmed that Greville's specimens were on the Prunus 1 The text to illustrate the plates in this work are not numbered, and the diagnosis for this fungus appears on the 53 rd ; the illustration is on pl. 371 fig. 4 (Fig. 9) , which has no diagnosis or name, and is dated "1802", but it seems unlikely that the text was issued before the whole volume was completed in 1803. and not Laurus, contrary to his publications, which led to that error being perpetuated although the misidentification was soon recognized, for example, by Berkeley (1836: 283) who gave it the English name "Cherry-laurel Ceuthospora" and stated "On dead leaves of Prunus Lauro-cerasus (not Laurus nobilis as is stated by Dr. Greville)". Sowerby (1803) referred to a single unlocalized, but presumably English (as his work was devoted to fungi from that country) collection made by the Rev. William Kirby (1759-1850) when introducing the name Sphaeria lauri (Fig. 9) ; Kirby was born in and died in Suffolk, England. The original material was located in K by Sutton (1972) who prepared sections (now preserved as K(M) IMI 153020; Fig  10) and published drawings made from Kirby's specimen (Sutton 1972: 323 fig. 1 ). That specimen could not now be re-located in K, despite extensive searches by Begoña Aguirre-Hudson, Heidi Döring, and D.L.H. Sutton did, however, include a sketch of the material he saw which evidently comprised two specimens, the right-hand one of which had Kirby's name below it and is therefore the holotype of Sowerby's name. Sutton (1972 Sutton ( , 1980 attributed the epithet "lauri" to Greville and not Sowerby, in accordance with the Code then in operation which ruled that names of "Fungi caeteri" published before 1 January 1821 were not validly published; that situation changed with the deletion of the later starting point dates for fungi at the Sydney IBC in 1981. In using the term "lectotype", Sutton meant as the type of Ceuthospora lauri "Grev.", and that is clear from his annotation on the packet with the slides (Fig. 10) and not Sowerby's original binomial. The use of that term was correct for Greville's name, under the pre-1981 Code, as Greville had studied collections other than Sowerby's.
Description and illustrations:
Descriptions and illustrations:
Phacidium mollerianum (Thüm.) Crous, comb. nov. MycoBank MB809680 (Fig. 11) Basionym: Sphaeropsis molleriana Thüm., Inst. Coimbra 27: 40 (1879). Description: Conidiomata uni-to multilocular, up to 400 µm diam. Conidiophores branched, up to 45 µm long, 2-3 µm diam. Conidiogenous cells terminal and lateral, 5-10 × 2-3 µm, with prominent periclinal thickening, rarely proliferating percurrently. Conidia hyaline, smooth, granular, subcylindrical, (9-)10-12(-13) × (2-)2.5 µm; apical mucoid appendage only visible when mounted in water.
Culture characteristics: Colonies spreading with sparse aerial mycelium and feathery margins. On PDA and OA surface and reverse olivaceous grey. Notes: Ceuthospora molleriana was originally described from Eucalyptus leaves collected in Portugal (conidia 10-13 × 2-2.5 µm, Petrak 1925), and closely fits the morphology observed in the present collections. Although originally described from Eucalyptus, this taxon appears to have a wider host range.
Phacidium pseudophacidioides Crous, sp. nov. MycoBank MB809681 (Fig. 12) Etymology: Named after its morphological similarity to the asexual morph, Ceuthospora phacidioides.
Diagnosis: Conidiogenous cells discrete or integrated, subcylindrical with perominent periclinal thickening or percurrent proliferation, 7-19 × 2-2.5 µm. Conidia hyaline, smooth, granular, subcylindrical, tapering at ends, bearing a funnel-shaped mucoid apical appendage, (11-)11.5-12.5(-13) × (2-)2.5 µm. Conidiogenous cells discrete or integrated, subcylindrical with perominent periclinal thickening or percurrent proliferation, hyaline, smooth, 7-19 × 2-2.5 µm. Conidia hyaline, smooth, granular, subcylindrical, tapering at ends, apex subobtuse, base with truncate hilum, 1 µm diam, bearing a funnel-shaped mucoid apical appendage, (11-)11.5-12.5(-13) × (2-)2.5 µm. Notes: The two isolates of C. pseudophacidioides were originally identified as C. phacidioides (i.e. P. lauri). However, P. lauri has larger conidia, and the conidiophores are much more extensively branched than in P. pseudophacidioides.
Phacidium trichophori
Crous & Quaedvlieg, sp. nov. MycoBank MB809682 (Fig. 13) Etymology: Named after the host genus on which it was collected, Trichophorum.
Diagnosis: Conidiogenous cells discrete or integrated, subcylindrical with prominent periclinal thickening, 5-12 × Conidia hyaline, smooth, granular, subcylindrical, tapering towards a truncate basal scar, 0.5-1 µm diam, apex subobtuse, bearing a funnel-shaped mucoid apical appendage, 3-5 µm long, 2-4 µm diam at apex, (9-)10-11(-13) × (2-)2.5(-3) µm.
Notes: Phacidium trichophori resembles P. lauri (conidia (12-)13-15(-16) × 3(-3.5) µm), but is morphologically distinct in having smaller conidia. Ceuthospora gaeumannii (conidia 8-11 × 2-2.5 µm, av. 9 × 2.2 µm; Nag Raj 1993) has slightly smaller conidia, much larger conidiomata (500-1500 µm diam). Notes: Although we assume that Phacidiopycnis is the asexual morph of Potebniamyces, the type species of Phacidiopycnis, P. malorum, still needs to be recollected to confirm this assumption. For this reason the synonymy between these two generic names remains unconfirmed. If shown to be synonymous, the older name, Phacidiopycnis, will have preference for the holomorph (Johnston et al. 2014) .
Phacidium vaccinii
dIscussIon
The primary aim of this study was to obtain molecular support for the assumption that Ceuthospora and Phacidium are congeneric, and at the same time elucidate the position of Phacidiaceae within Leotiomycetes, as the latter family and order were not represented in the phylogenetic study of Wang et al. (2006b) . The order Helotiales contains members that represent a broad range of ecologies, including species that are plant pathogenic, saprobic, endophytic, mycorrhizal or ectomycorrhizal parasites, aquatic saprobes, or wood rotting fungi (Wang et al. 2006a) . Although lacking many genera of Helotiales in their phylogenetic analysis, Wang et al. (2006b) concluded that the concept of Helotiales adopted by Eriksson (2005) included many non-monophyletic taxa. They placed 13 families in the order. In spite of earlier work on the class (Gernandt et al. 2001 , Lutzoni et al. 2004 , Wang et al. 2005 , no members of Phacidium were present in the phylogeny of Wang et al. (2006b) . By adding Phacidiaceae to Helotiales data present in GenBank, Phacidiales clearly separated from Helotiales, which still appear heterogeneous (Fig. 1) . The separation of Phacidiales from Helotiales is also supported by the phylogeny of Wang et al. (2006b) , as Bulgaria inquinans and Phacidiophicnes pyri cluster outside of the Helotiales clade in their study.
A surprising result of our study concerns the phylogenetic position of Bulgariaceae. The genus Bulgaria, based on B. inquinans, effectively clusters in Phacidiaceae (based on P. lacerum). A second species has been reported, B. nana (Döring & Triebel 1998 , Wang 2006b ), but that is considered a species of Austrocenangium (see Gamundi 1997) . Bulgaria inquinans is characterised by large (up to 4 cm), dark brown to black turbinate, gelatinous apothecia with brown ascospores. It occurs on bark of fallen trunks and branches, but has also been observed on living trees. The species is considered saprobic, and possibly facultatively plant pathogenic. The relationship of Bulgaria has been debatable. It has been placed close to other species producing gelatinous apothecia in Leotiaceae/Helotiaceae, e.g. Leotia, Neobulgaria, Ombrophila (in Leotieae, Korf 1973; in Ombrophiloideae, Dennis 1978) , or considered to be rather distinct, and placed as the sole genus in Bulgariaceae (Helotiales) (e.g. Eriksson 2006 ). Although some molecular phylogenetic studies have not been able to place Bulgaria in a larger group with support, and instead suggest species such as Leotia, Neobulgaria and Ombrophila (Helotiaceae) are not closely related (Wang 2006a, b) , Lantz et al. (2011) placed Bulgaria in a strongly supported clade with Phacidium and Potebniamyces. The relationship between Bulgaria and Phacidium was also confirmed by Hustad & Miller (2011) . The ultrastructure of the ascus apical apparatus of Bulgaria, however, is unique compared to other members of Helotiales (Verkley 1992 (Verkley , 1994 . For the present, we treat Bulgariaceae as a synonym of Phacidiaceae, but it could be that the family is still heterogeneous, and as more members of Phacidiaceae and Helotiaceae get added in future molecular studies, the Phacidiaceae may yet prove to be paraphyletic.
In our results, the genus Allantophomopsis (based on A. cytisporea), clusters sister to the canker pathogen Potebniamyces pyri (asexual morph: Phacidiopycnis pyri). Potebniamyces produces black, gelatinous discs, erumpent from submerged stromata in tree bark. Although DiCosmo et al. (1984) considered this genus a possible member of Phacidiaceae, Rhytismataceae or Dermateaceae, it appears to be a member of an independent family. As the majority of the families in Helotiales still lack molecular data, we consider it premature to introduce any new family name here to accommodate Potebniamyces. DiCosmo et al. (1984) discussed the morphological differences between Potebniamyces and Phacidium, and Wang et al. (2006b) suggested a possible sister relationship between the two genera.
In the present study we introduce the generic name Allantophomopsiella to accommodate A. pseudotsugae, a pathogen of conifers (Roll Hansen 1992) . The genus Gremmenia is resurrected to accommodate the snow-blight pathogens of conifers, namely G. abietis (on Abies spp. and Pseudotsuga menziesii), G. infestans (on Abies balsamea), and G. pini-cembrae (on Pinus cembra).
Finally, the position of the Phacidiaceae is clarified within the resurrected Phacidiales, with respectively a neotype and an epitype designated to fix the phylogenetic application of the names Phacidium lacerum (type of Phacidium) and Sphaeria lauri (type of Ceuthospora) (i.e. Phacidium lauri). Phacidium (1815) is accepted as the correct name for this genus over Ceuthospora (1827), based on nomenclatural priority, as both names are conserved; it also has a greater number of species.
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